Objectives-To compare the agreement and interobserver variability of diagnostic handheld ultrasound (US) and a single volume on an automated breast volume scanner (ABVS) and to determine whether there was a significant difference if the ABVS was used by a sonographer or mammographic technologist.
U ltrasound (US) is often used in the workup of patients presenting with focal breast problems. It can be for a palpable mass, abnormal mammographic findings, abnormal magnetic resonance imaging findings, breast discharge, or pain. The examination is usually performed with a handheld US device to perform a limited examination over the area of concern. An automated breast Supplemental material online at wileyonlinelibrary.com/journal/jum volume scanner (ABVS) has been used for whole-breast supplemental screening. [1] [2] [3] [4] Previous studies have demonstrated that the ABVS has high sensitivity and fair interobserver concordance. [5] [6] [7] The model of physicianperformed handheld US examinations is timeconstraining for the physician. The development of ABVSs that provide 3-dimensinoal breast US volumes can replace the need for a highly trained physician or sonographer to perform the examination, as the entire volume scanned is available for review and provides reconstructions in the coronal and perpendicular planes.
Another possible application for the ABVS is in the diagnostic workup of patients who present with a focal diagnostic problem. The ABVS system is automated, with the person performing the study only required to position the scanning plate and select the patient's breast size. The system then sets all scanning parameters. Thus, a mammographic technologist can be trained to perform the examination. The ability to have a mammographic technologist performed the examination on an automated system can help work flow. The automated system may decrease the time needed to perform the examination and provide continuity of care. On the ABVS, the images are acquired with a 15-cm field of view for review and reconstructed in 3 dimensions, confirming that the entire area is evaluated. In handheld US examinations, images are obtained and selected by the physician or sonographer. However, a handheld US examination allows for a more detailed evaluation of an abnormality, including varying transducer positions, optimizing images, color Doppler imaging, and elastography.
This study evaluated the agreement and compared the diagnostic performance of a focal abnormality with a field of view centered on a clinical or image abnormality scheduled for a diagnostic US workup (single quadrant) from an ABVS and handheld US. The study also evaluated whether results were different if obtained by a sonographer or a mammographic technologist.
Materials and Methods
This study was approved by our local Institutional Review Board and was Health Insurance Portability and Accountability Act compliant, and written informed consent was obtained from all participants. Women 18 years and older presenting for a diagnostic US examination secondary to a palpable mass, abnormal mammographic findings, follow-up US abnormality, or discharge were asked to participate in the study. If the patient had both a palpable mass and a mammogram that had an abnormality, the indication was listed as a palpable abnormality. Exclusion criteria included the inability to give informed consent and an abnormality of the breast that was larger than 1 quadrant. No patients were excluded from the study.
All patients received both handheld and ABVS US examinations. Patients were randomized to have either handheld US or the ABVS. A computer-generated list with a ratio of 1:1 was prepared before enrollment, and the operators were informed by the coordinator of the study. The handheld US examinations were performed by 1 of 4 sonographers who had a minimum of 10 years of experience in breast US. A different sonographer than the one performing the handheld examination or a mammographic technologist performed the ABVS examination. All technologists performing ABVS examinations participated in a training course on the ABVS and performed at least 10 patient examinations satisfactorily before beginning the study. The choice of a mammographic technologist or sonographer to perform the ABVS examination was randomized. Both the sonographer performing the handheld US examination and the sonographer or mammographic technologist performing the ABVS examination were provided the patient's history, mammographic results if performed for placement of the ABVS, and region of interest for the handheld US. However, the results of the handheld US or ABVS were not available to the person performing the second examination. Final diagnosis was performed by either a 12-gauge core biopsy (Celero; Hologic, Marlborough, MA) or confirmation of a benign lesion by no substantial change over 2 years.
Patients
Ninety consecutive patients were enrolled in the study from 
Lesions
Of the 90 diagnostic US examinations, 13 patients had core biopsies; 50 were followed for 2 years to confirm stability; and 27 met all criteria for a benign cyst and were not followed. If a solid lesion was not biopsied but stable for 2 years, it was classified as benign. Cystic lesions meeting all criteria for a benign cyst (anechoic, thin walled, and through-transmission) were considered benign and not followed.
Nine 
Ultrasound Examinations
The ABVS examinations were performed on an S2000 US system (Siemens Medical Solutions, Mountain View, CA) with a 15-cm-wide 14L5 transducer. The system adjusts the scanning parameters (gain, depth, frequency, etc) on the basis of the patient's breast size. The transducer plate was centered on the mammographic or palpable abnormality. One scan was performed and saved digitally for analysis on an independent workstation.
The handheld US examinations were performed on either an iU22 system (Philips Healthcare, Bothell, WA) with an L12-5 transducer or an S2000 system with an L14-5 linear transducer. Spatial compounding, speed of sound correction, and use of harmonic imaging were optimized per patient. With the handheld examination, color Doppler imaging and strain elastography were performed.
Ultrasound Image Interpretation
The handheld US image was interpreted as the diagnostic study and reported. The handheld diagnostic study was interpreted by the radiologist assigned that day to diagnostic examinations. This reviewer may have been one of the blinded readers. Both the handheld and ABVS US images were interpreted by 2 blinded radiologists (R.G.B. and S.D.) who specialize in breast US. Both had greater than 10 years of experience in interpreting breast US. The blinded read was begun 1 year after data collection was completed, since one of the blinded readers could have read the handheld examination diagnostically. The reviewers were blinded to all patient data, including presenting problem and any mammographic results. The handheld images were interpreted first. The elastographic data were only used for clinical assessment at the time of the examination and not provided in the blinded read. Six months later, the blinded ABVS images were interpreted.
For each lesion noted on the examination, the position (as labeled on the images) and maximum lesion size were recorded. All lesions were interpreted according to the BI-RADS. 8 The highest BI-RADS category score was taken as the final result of the study.
Statistics
For sample size considerations, we powered the study as an agreement evaluation of malignancy between the techniques. In a test for agreement between the techniques using the j statistic, a sample size of 80 patients achieves 90% power to detect a true j value of 0.90 in a test of H0 (j 5 0.60) versus H1 (j < 0.60 or > 0.60) when there are 2 categories with frequencies equal to 0.80 and 0.20. This power calculation is based on a significance level of .05, and an extra 10% of patients were enrolled to account for loss to follow-up and missing data.
Quantitative variables are described as mean and standard deviation or median and interquartile range, qualitative ones as counts and percentages. Agreement between readers and methods was evaluated by means of j statistics, presented along with their 95% confidence intervals (CIs). The j statistic measure of agreement is scaled to be 0 when the amount of agreement is what would be expected to be observed by chance and 1 when there is perfect agreement. For intermediate values, Landis and Koch 9 suggest the following interpretations: below 0.0, poor; 0.00 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and 0.81 to 1.00, almost perfect.
For independent comparisons, j values were compared by using z score statistics. Diagnostic performance assuming BI-RADS categories 1, 2, and 3 were benign and BI-RADS categories 4 and 5 were malignant and using biopsy or clinical stability for 2 years as the reference standard was assessed by receiver operating characteristic (ROC) curve analysis. The sensitivity, specificity, and area under the curves are presented along with 95% CIs. 10 Pair-wise comparisons of areas under the curves between readers and methods are also given by z statistics. 6 P < .05 was considered statistically significant. All tests were 2 sided. The data analysis was performed with 
Results
The 90 patients enrolled in the study had a mean age 6 SD of 53.1 6 16.3 years (range, 18-90 years). Examples of comparisons of the images from handheld US and the ABVS for a benign and a malignant lesion are presented in Figures 1 and 2 . Diagnostic Accuracy of the ABVS in Breast Lesion Characterization (Benign or Malignant) and Assigning a BI-RADS Category Score An ROC curve analysis was performed considering the ability of the different methods in reporting the BI-RADS category score and in breast lesion characterization (benign or malignant); BI-RADS categories 1, 2, and 3 were considered benign, whereas BI-RADS categories 4 and 5 were considered malignant. The ROC curves are shown in Figures 3 and 4 .
Global Agreement
When the BI-RADS category score assigned was analyzed, a statistically significant difference was found when comparing the ROC curves of the 2 ABVS raters and the curves of the second ABVS rater and the second handheld rater (P 5 .037 and .021, respectively). No statistically significant difference was observed between the different methods when considering the ability to characterize breast lesions (benign or malignant).
Agreement Between the ABVS and Handheld US in Assigning a BI-RADS Category Score
The j statistic measure for agreement between the ABVS method and the handheld US method in reporting the BI-RADS category score (1, 2, 3, 4a, 4b, 4c, or 5) was 0.488 (95% CI, 0.372-0.560). When considering the first rater, the j score was 0.585 (95% CI, 0.515-0.662), whereas a score of 0.411 (95% CI, 0.360-0.471) was reported when considering the second rater.
Interobserver Reader Agreement for Handheld US and the ABVS The j statistic measure of agreement between the first and second raters in reporting the BI-RADS category score was 0.568 (95% CI, 0.468-0.647). When considering the handheld US method, we reported a j score of 0.631 (95% CI, 0.584-0.665), whereas a score of 0.492 (95% CI, 0.457-0.564) was calculated when considering the ABVS method. Detailed tables of scores by each reader are reported as online supplemental material (Tables S1 and S2 ).
There was almost perfect agreement between the first and the second raters in breast lesion characterization as benign or malignant, with a j score of 0.831 (95% CI, 0.718-0.944). When considering the handheld method, a j score of 0.795 (95% CI, 0.623-0.967) was calculated, whereas the score was 0.869 (95% CI, 0.725-1.000) when considering the ABVS.
Discussion
Ultrasound imaging is usually the first diagnostic study of choice for women younger than 35 years (and in Figure 3 . Areas under the ROC curves with 95% CIs concerning the ability to detect a pathologic breast image. ABVS1 indicates interpretation of ABVS images by the first reader; ABVS2, interpretation of ABVS images by the second reader; HH1, interpretation of handheld US images by the first reader; and HH2, interpretation of handheld US images by the second reader. some practices <30 years) and is used to supplement mammography in the diagnosis for women older than 35 years. These studies are often performed by physicians or trained sonographers. Handheld US is dependent on the skill of the sonographer, as usually only abnormalities noted during scanning are documented and reported. If an abnormality is not noted during the scanning, it is missed. The whole-volume scanner documents the entire breast images and can display them in 3 dimensions, limiting the possibility of "missing" a lesion. However, the ABVS does not allow optimal parameter adjustment, Doppler imaging, or elastography during the examination. For work flow and patient continuity, having the same examiner perform the mammographic and US examinations would be optimal. However, when using the ABVS, if an abnormality is identified, further lesion characterization may be required by handheld US, including Doppler imaging and elastography. In general, benign cysts can be diagnosed with the ABVS and do not require additional handheld US follow-up. However, we prefer to perform handheld US examinations on all BI-RADS category 3, 4, and 5 lesions so we can perform elastography and color Doppler imaging to give a final BI-RADS category score. We also perform biopsies at the time of the handheld US examinations if the lesion has a BI-RADS category score of 4 or 5 (and 3 if requested by the patient of referring physician). In this study using both BI-RADS category classification and final pathologic results, there was no difference if a trained sonographer or trained mammographic technologist performed the examination. The interreader variability was good for pathologic results (benign or malignant) and more variable when comparing the exact BI-RADS score. The difference was most often due to a 1-category difference between readers such as BI-RADS category 2 versus BI-RADS category 3 and BI-RADS category 4a versus BI-RADS category 4a (supplemental Tables S1 and S2). Our j values were similar to those from other published studies using an ABVS for whole-breast examinations.
